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Abstract 
This paper presents a study of the effect a vertical imbalance has 
on the lateral vergence and accommodation ranges as measured in 
standard clinical testing. The clinical tests included lateral duction 
ranges at 6 meters and 40 centimeters, the positive relative 
accommodation (PRA), and the negative relative accommodation (NRA). 
Nineteen subjects considered visually normal were tested once with two 
prism diopters of induced vertical imbalance, and once under normal 
conditions. An ANOV A was performed on the means of thirteen clinical 
tests . The F-test and probability values are also presented . Results 
indicate that the findings of the tests with the vertical prism in place 
were not different from the findings with no pr ism in place. 
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Introduction 
Vertical phorias are considered to be a common binocular 
anomaly occurring in 7 to 35% of the population.I-5 Vertical phorias 
may be the result of induced prism from spectacle misalignment, a 
difference of refractive power in corrective lenses due to 
anisometropia, or an extraocular muscle imbalance.6 Patients with a 
vertical imbalance may present with one, or a combination of the 
following symptoms: headache, a pulling sensation around the eyes, 
intermittent blur at near, diplopia, vertigo, asthenopia, fatigue, 
nausea, motion sickness, photophobia, and suppression) Occasionally 
the patient will present with torticollis where the head is tilted 
toward one of the shoulders in an attempt to compensate for the 
vertical imbalance. It is surprising that with the relatively high 
incidence of hyper phoria reported only about 9% of the patients are 
symptomatic.S Often patients present with a hyper phoria but 
without corresponding visual complaints. This may be due to the 
patient making a physical compensation (bending spectacles or 
adopting a head tilt) or the ability of the patient to visually adapt to 
the imbalance (prism adaptation). 
Goss describes prism adaptation as "the phenomenon 
responsible for a shift in phorias after binocular viewing through 
prisms"?. Carter showed that after prism was removed the 
oculomotor system slowly returned to the baseline posture, with the 
amount of time to return dependent on the amount of prism worn.s 
Schor has suggested that the vergence response begins with a 
fast, phasic response to retinal disparity. This response initiates a 
6 
second, slower tonic response which gradually takes over for the 
phasic system and is responsible for what is known as prism 
adaptation.9 
Ogle and Prager found most patients could adapt to as much as 
9 prism diopters of vertical prism within 30 minutes if it were added 
slowly. They performed vertical fixation disparities on subjects after 
they had adapted to 6 prism diopters of vertical prism and found 
them to be practically identical to those measured previous to 
adaptation, indicating that the subjects had completely adapted to 
the additional vertical prism. Adaptation was rapid and usually 
complete in 3-7 minutes. Ogle suggested that "the compulsion to 
fusion reflex, the striving to direct the eyes such that similar images 
fall on corresponding retinal points, was the basis for the 
phenomenon" of adaptation. He also suggested that although his 
subjects could adapt to the added vertical prism, they were unable to 
adapt for their own vertical imbalance when left uncompensated.l o 
Schor found adaptation to be complete within 30 seconds for 
vertically induced disparity .ll Larson agrees with this if the prism is 
incorporated into the wearer 's prescription; 12 however , if the prism 
is in the phoropter, adaptation may not occur for up to 4 minutes.l3 
The effect an uncompensated vertical imbalance has on the 
lateral fusional and accommodative ranges is uncertain. There have 
been case reports of patients with poor lateral vergence ranges that 
were suspected to be secondary to an uncompensated vertical 
imbalance, but no study has been undertaken to test or explain 
this.14 
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The purpose of this study was to investigate the effect a prism 
induced vertical imbalance would have on the lateral fusional 
vergence and accommodation ranges. We hypothesized that the 
vertical prism would decrease these ranges due to the patient's 
taxing their lateral fusional reserves and accommodation in order to 
maintain vertical alignment. 
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Methods and Descriptions of Test 
Nineteen participants between the ages of 20 and 34 served as 
subjects for this study. All were given a comprehensive eye 
examination if they had not received one in the last six months . The 
examination served to insure the subjects had binocular vision with 
no vertical deviation or pathology. Additionally, subjects were tested 
to insure they could. within 30 seconds, fuse a single line of 20/20 
Snellen letters at 6 meters and 40 centimeters with two prism 
diopters placed base-down in front of the left eye. Vertical fixation 
disparity curves were generated on all subjects using the Sheedy 
Disparometer to insure no excessive prism adaptation to vertical 
prism stress occurred. 
For the experimental testing, specially designed accessory 
lenses which fit into the left ocular of the AO phoropter were used. 
The lens powers were either plano or two prism diopters oriented 
base down. On the first testing sequence, an assistant randomly 
selected either the plano or the prism lens and placed it in the 
phoropter. The subjects were then seated behind the phoropter with 
their best correction in place and checked to insure they were able to 
fuse targets both at 6 meters and 40 centimeters. The assistant also 
instructed the subjects to give no indication to the experimenters of 
what effect either accessory lens had on their vision. The 
experimenters were unaware of which of the two lenses was in place . 
The following week, the tests were repeated with the other lens in 
place. All testing was completed within five minutes to try to 
minimize the effect of prism adaptation . All findings were obtained 
g 
using accepted, standard OEP techniques with the rate of prism 
change for all duction tests at 2 prism diopters per second. The PRA 
and NRA were obtained using the Borish near point card and 
polarizing lenses equipped with the AO phoropter in order to monitor 
suppression. The lenses were changed at the rate of 0 .25 diopters 
per second. Tests included in the experimental portion of the study 
were performed in the following order: 
1. Base - in (BI) ductions at 6 meters using a 20/20 row of 
letters, 
2. Base-out (BO) d uctions at 6 meters using a 2 0/2 0 row of 
letters, 
3. Base-inductions at 40 centimeters using a 20/20 row of 
letters, 
4. Base -out ductions at 40 centimeters using a 20/20 row of 
letters, and 
5. NRA and PRA using a 20/20 row of letters. 
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Results 
Statistical analyses were performed using the Statview 5 12 
software program on the Macintosh computer. The mean value for 
each test was calculated using the data from all 19 subjects, both 
with and without the vertical prism in place. There were eight of the 
thirteen tests in which the mean for the group was reduced with the 
vertical prism in place. They were the BO to blur, break, and 
recovery at 6 m; the BI to break and recovery at 6 m; the BO to 
break and recovery at 40 em; and the PRA. (See Table 1) 
The test in which the highest number of subjects demonstrated 
a decrease with the prism in place was the BO to blur at 6 m. In this 
test ten of the subjects showed a mean decrease of 9.20 diopters. 
The BO to blur at 40 em showed the lowest number of decreases with 
only four of the subjects exhibiting that the prism reduced their 
range. Results of the BO to recovery at 6 m showed the largest mean 
decrease in diopters, a 19.20 diopter reduction. (See Table 2) 
An F-test and an analysis of variance (ANOV A) were used to 
evaluate any differences between population means that were the 
result of the prism. F and probability values (p) were generated 
with a one-way ANOV A for each of the 13 tests . The results showed 
no difference in means at the .0 5 probability level. An ANOV A was 
also performed to deter mine if the total fusional break and recovery 
ranges at 6 m and 40 em (i.e. the range between BI to break and BO 
to break) were significantly different. Once again, the results showed 
no difference at the .0 5 level. (See Tables 3 and 4) 
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Discussion 
We were unable to prove our hypothesis that an induced 
vertical prism imbalance would decrease lateral fusional vergence 
and accommodative ranges. Not only were we unable to show 
consistent differences in the individual findings, we could not show 
any change in the total fusional and ace om modation ranges at either 
6 m or 40 em . 
We believe that one possible reason for the negative outcome is 
the small number of subjects involved in the study. Because of the 
low number, individuals who exhibited inconsistent findings had a 
greater impact on the overall results. A larger group of subjects 
would minimize the negative effects that a few spurious finding have 
on the overall mean . 
Another possibility is that our subjects may have adapted to 
the vertical prism as the tests were being performed . The five tests 
showing the highest means with the prism were performed near the 
end of the allowed five minutes. It is possible that many of the 
subjects had adapted to the low amount of vertical prism . 
Theoretically, if adaptation had taken place, the vertical prism was 
not simulating a vertical imbalance. Therefore, no decrease in the 
vergence and accommodative ranges would be expected. 
If Ogle's observation that patients were unable to adapt for 
their vertical imbalance is true, perhaps we needed to test our 
subjects at the limit of their ability to prism adapt. This might more 
closely simulate the patient with an uncompensated vertical 
imbalance . This should be considered in future studies. 
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Tables 
Table 1. Means for each test 
I Test Without pr i sm 
80b lur 6 m 9. 58 
80 break 6 m 2 1. 37 
80 recover y 6 m 12.1 1 
81 break 6 m 9.05 
81 recovery 6 m 6.42 
80 b 1 u r 40 em 6. 74 
80 break 4 0 em 19.47 
80 r ecovery 40 em 1 1.05 
81 blur 40 em 9. 05 
8 1 break 40 em 17.58 
81 recovery 40 em 9.58 
NRA 2.15 
PRA - 3. 16 
With 
prism 
7.90 
20. 42 
10.90 
8.63 
6.2 1 
8.00 
18.26 
9.32 
9.47 
18.63 
1 1. 42 
2.43 
-2.87 
Table 2. Summary of subjects who showed decreases and increases on 
individual tests 
Test Number of Mean Number of Mean 
decreases decr ease Increases Increase 
(d lopters) (dlopters) 
80 blur 6 m 10 9 .20 7 7. 40 
80 break 6 m 9 11.30 9 13.80 
80 recovery 6 m 6 19.20 II 1 0.40 
81 break 6 m 6 3.70 8 3.80 
81 recovery 6 m 7 4.30 8 480 
80 blur 40 em 4 15.50 9 18.00 
80 break 40 em 6 15.70 9 12.10 
80 recov ery 40 em 7 17.30 II 10.20 
81 blu r 40 em 8 I 0.00 9 10.70 
81 break 40 em 6 11.00 10 9 .00 
81 recovery 40 em 9 8.60 10 10.00 
NRA 7 1.03 11 0.90 
PRA 9 1.75 10 1.80 
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Table 3. F-test and p values summarized for a one-way ANOVA I Test F-test p value I 
80 blur 6 m 1.382 0.2<'197 
80 break 6 m 0.097 0.7576 
80 recovery 6 m 0.183 0.6713 
81 break 6 m 0.220 0.6 <'1 17 
81 recovery 6 m 0.05 1 0.823<'1 
80 blur LlO em 0. 155 0.699<'1 
80 break 40 em 0. 1 L19 0.7017 
80 recovery LlO em 0.392 0.535 1 
8 I b 1 u r LlO em 0.0 16 0.899 7 
Bl break 40 em 0.223 0.6398 
Bl recovery LlO em 0.658 OA225 
NRA 0.5 I L1 OA782 
PRA 0.297 0.5890 
Table 4. F-test and p values for total break and recovery ranges 
Test F-test p value 
Lateral break ranqe 6 m 0.338 0.56<'18 
Lateral recovery ranqe 6 m 0.207 0.651 7 
Lateral break ranqe LlO em o.oo 1 0.9695 
Lateral recovery ranqe 40 em 0.032 0.8592 
IS 
